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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce required energy 
consumption for recycling discarded fiber-reinforced . 
plastics and economically recycle the plastics 
maintaining mechanical physical properties even when 
the plastics are included in a matrix such as cement or a 
resin by specifying the constant directional diameter and 
the minimum curvature radius. 
SOLUTION: The discarded FRP crushed product is 
obtained by shredding fiber-reinforced plastics(FRP) into 
small pieces through using the compression impact force 
and tearing force of a shredder, roll mill or the like. The 
minimum curvature radius 2 of the shred is 150 mm or 
less and the constant directional diameter 1 is 3 mm or 
more. Thus the crushed products interfere with each 

other to contribute to the increase of void volume and the subsequent smooth penetration of 
the included cement or resin and high strength thereof. Since the crushed products are 




1 



curled, their mutual entanglement occurs making the cement or resin hardly separable even 
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after the development of cracks. The crushed products are made of disposed fiber-reinforced 
plastics as a raw material and the resin need not be separated from the fiber. Thus the 
crushed products are recycled by adding the shreds to the cement or the resin material and 
consequently, the energy required for crushing is saved to a large extent with a low 
manufacturing cost and the manufacture of the reused product having sufficient strength. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the FRP grinding object suitable for recycling the FRP 
trash collected from the commercial scene, its manufacture approach, the moldings containing this 
grinding object, and its manufacture approach. 
[0002] 

[Description of the Prior Art] Although FRP has been used more widely [ in the sport field, the aircraft 
field, the automobile field, and other general industrial fields ] than they are a light weight and high 
endurance, the recycling law is important for it in a rise of the interest about an environmental problem. 
[0003] The thermal recycling method which it grinds as a conventional approach of carrying out recycle 
use of the disposal FRP, and surface area is enlarged, is burned, and is used as a heat source, and the 
approach of taking out and carrying out material recycle only of the reinforcement fiber which ground 
too, melted only resin and became short are learned. However, in these conventional recycling law, 
since a grinding process and a heating process are given for Disposal FRP, even if it will pass through 
the processing process which consumes a lot of above energy which fabricates FRP and can recycle a 
format top, it has not meant having solved the environmental problem globally. The recycling law of 
low energy recyclable without [ consumption energy is large and ] grinding since a grinding process is 
repeated until the process of grinding FRP and pulverizing becomes the magnitude of hundreds of 
micrometers or dozens of micrometers or less was called for. 

[0004] Although the reason for grinding FRP minutely is considered for raising added value, such as the 
machine physical properties of a base material, when a grinding article is mixed in other base materials, 
such as cement and resin, it does not serve as a technique which is equal to practical use compared with 
the improvement width of face of machine physical properties as a recycle article which the effort which 
grinding takes is [ article ] larger for whether your being Haruka, and has forced economical efficiency. 
[0005] On the other hand, although the crushing process was known as a last process of grinding, there 
was no way of thinking that the recycle article which has utility value on the level of the crushing object 
which has not hung the effort was made, it progressed further, and the attempt in which the 
configuration and dimension of Disposal FRP were controlled in the phase of crushing was not made. 
[0006] Since sporting gear etc. has FASHON nature and it is collected from a commercial scene in a 
cycle shorter than an aircraft member also in an FRP member, the present condition is that the technique 
which can reuse the abandonment sport member made from FRP with little energy is searched for 
immediately. 
[0007] 

[Problem(s) to be Solved by the Invention] The technical problem which this invention tends to solve is 
to offer the practical recycle article which does not spoil machine physical properties also when 
injection energy required for the above-mentioned recycle of Disposal FRP is made smaller than before 
and it mixes in base materials, such as cement and resin, and is economical (cost competitiveness). 
[0008] That is, the purpose of this invention is to offer the member which made the technique and 
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recycle article which recycle the above-mentioned disposal FRP by low cost contain, and these 

manufacturing methods. 

[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention offers 
the abandonment FRP debris characterized by for unidirectional particle diameter being 3mm or more, 
and the minimum radius of curvature being 150mm or less. 

[0010] Or the abandonment FRP debris characterized by the filling factor when gathering only 

abandonment FRP debris being within the limits of 0.2-0.7 is offered. 

[0011] 

[Embodiment of the Invention] This invention is explained to that one embodiment at a ******** detail. 
The debris of this invention is characterized by crushing the hardened FRP trash which consists of a 
commercial scene or reinforcement fiber collected from the production process, and resin in a 
configuration with deflection using impulse force, the tear force, tensile force, shearing force, 
compressive force, thermal stress, the electromagnetic-like force, etc. When debris interfered, and the 
voidage been and mentioned later becomes large and it mixes in cement, resin, etc. because debris has 
deflection, about [ becoming lightweight ], cement, and resin serve as high intensity being easy to sink 
in. Furthermore, since debris is entangled, even after a crack goes into cement or resin, it becomes 
possible to present the mode in which it does not dissociate easily. Moreover, there is effectiveness, such 
as excelling in mechanical physical properties, not only in field inboard but in the thickness direction. 
Furthermore, since it is stabilized in three dimension and gestalt maintenance can be carried out, there is 
no problem that a grinding object sediments in the base material at the time of shaping which tends to be 
produced by the minute grinding object. Furthermore, it is suitable also for manufacturing a member 
with a clearance taking advantage of voidage. 

[0012] First, the abandonment FRP debris of the letter of curl of this invention can be manufactured by 
the single equipment or two or more equipment groups which wafer-ize the hardened fiber reinforced 
plastics (it omits Following FRP) which consist of for example, reinforcement fiber and resin. 
[0013] As concrete equipment, shredder is begun and autogenous tumbling mills, such as secondary 
crushers, such as primary crushers, such as primary crushers, such as a joke crusher, a gyratory crusher, 
and a cone crusher, and a hammer crusher, a roll crusher, a roll mill, a stamp mill, an edge runner, a 
cutter mill, and a rod mill, an erotic fall mill, and a cascade mill, are mentioned. In order to manufacture 
debris with the deflection of this invention, it is desirable to make it compression impulse force and the 
tear force act into a crusher style. It is desirable to carry out crushing by the rotary knife with the blunt 
(for the radius-of-circle radius of the edge of a blade to be 0.5mm or more) edge of a blade which does 
not use the shearing edge which has GURAINDO and the sharp edge of a blade, but contacts in debris 
and a comparatively large area. In order to suppress scattering of crushing powder or to suppress the 
effect of heating, the effect of a spark, and the effect of static electricity at the time of crushing, it is also 
desirable to crush underwater and in a high humidity ambient atmosphere. Moreover, in order to obtain 
the debris which has deflection, it is also effective to crush to the matter and coincidence softer than 
FRP, such as cloth, and plastics, rubber material. 

[0014] Since it is impossible to obtain only debris with deflection on the occasion of crushing, in order 
to take out debris with curvature out of debris, the selector by the screen, the wind force, hydraulic 
power, etc. can be used. Of course, even if it mixes in cement or resin, without passing through a sorting 
process where the debris of this invention and the grinding object of other configurations are included so 
that it may mention later, it does not interfere. 

[0015] The reason FRP must be a hardened material is that it is easy to have the deflection configuration 
above-mentioned [ debris ], according to wafer-izing or a crushing process. In the non-hardened material 
condition, since reinforcement fiber can be moved freely, even if it tears, it is hard to divide and it can 
divide, a gestalt cannot be held in three dimension like the debris which this invention hardened. 
Moreover, non-hardening resin adheres to the interior of wafer-izing or shredding equipment, and may 
make the function of equipment impossible. 

[0016] DSC can determine decision whether Abandonment FRP has hardened. Whenever [ desirable 
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hardening / to which wafer-ization becomes easy ] is 60% or more. Moreover, it is also desirable to 
include the last process which promotes hardening in wafer-ized equipment. As a concrete hardening 
promoting method, heating, electron beam irradiation, curing agent addition, etc. are mentioned. 
[0017] as an example of the typical configuration of the debris of this invention — about - the falcation 
of drawing 1 , the coiled form of drawing 2 , the shape of S character of drawing 3 , and drawing 4 — 
many — the configuration of being foliaceous is mentioned. The criteria which judge quantitatively 
whether it has deflection are decided in the magnitude of the minimum radius of curvature (refer to 
drawin g 1 ), and the minimum radius of curvature of the magnitude of the desirable deflection in this 
invention is 100mm or less more preferably 150mm or less. In addition, depending on the case, the 
detailed pilliform configuration or projection configuration of reinforcement fiber or matrix resin exists 
in a front face, and the minimum radius of curvature is defined as being in every part, or decision may 
sometimes be difficult. Moreover, it is not **(ing) defining the minimum radius of curvature as being 
also in a too much small part to the actual condition. Therefore, in an FRP particle, it is practical that a 
size (refer to drawing 1 ) measures radius of curvature only about a part 0.5mm or more, and defines the 
minimum radius of curvature. When debris interfered, and the voidage been and mentioned later 
becomes large and it mixes in cement, resin, etc. because the minimum radius of curvature is below the 
upper limit of this range, while becoming lightweight, cement and resin serve as high intensity being 
easy to sink in. Furthermore, since debris has curled and it is entangled mutually, even after a crack goes 
into cement or resin, the mode in which it does not dissociate easily is presented. With an optical 
microscope, for a photograph, radius of curvature can carry out the image processing of the debris as a 
two-dimensional image, and can ask for it. Only the FRP grinding object which is within the limits of 
said radius of curvature is counted, and there is also a view which defines volume % of the FRP 
grinding object concerned from the total amount of the volume. However, the view which defines radius 
of curvature with a volume mean-curvature radius is more precise as follows. 
Valve flow coefficient=sigma(Vi-Ci)/sigma (Vi) 

(valve flow coefficient: A volume mean-curvature radius, radius of curvature of the grinding object of 
eye Ci:i watch, volume of the grinding object of eye Vi:i watch) 

As magnitude of the grinding object of this invention, it is desirable that unidirectional particle diameter 
is 7mm or more more preferably 3mm or more. If smaller than the lower limit of the above-mentioned 
range, the probability which debris becomes entangled, or contacts, opposes, suits, interferes mutually 
and suits may become less enough, and it will become inadequate on the strength improving it. 
[0018] Unidirectional particle diameter is what measured the dimension of the fixed direction on the 
assumption that the grinding object was statistically configurated at random on a flat surface (refer to the 
5th edition of a chemical engineering handbook assumption, and p.219 pages), and it asks in this 
invention using the cross section of 2 100cm. A mesh and a screen are used in order to classify debris. It 
does not interfere, even if it uses a sorting machine automatic [ using a wind force, hydraulic power, 
magnetism, an eddy current, suspension, light etc. ]. 

[0019] Moreover, as for the filling factor (value which subtracted voidage from 1) when gathering only 
the debris which has deflection, it is desirable to have become within the limits of 0.2-0.7. If less than 
the lower limit of this range, there will be little crushing significant work which interferes and suits, and 
cement and the resin material which made this contain will be easily separated after maximum load. 
Moreover, it is because the reinforcement of the cement which debris changed into the condition of 
having contacted rather than it became entangled, and mixed debris, or resin material may not improve 
as considered if it exceeds the upper limit of this range. It is 0.3-0.6 more preferably. In addition, in 
addition to the debris of this invention, in mixing in cement or resin material with regards to a filling 
factor, even if it makes the conventional grinding object mix, it does not interfere. 
[0020] Next, with the abandonment FRP in this invention, a tennis racket, a golf shaft, Transportation 
device members, such as sporting gear, such as a fishing rod, an automobile, and an aircraft, Glass, 
carbon which are used for the Building Department material, such as a bath boiler and a wallplate, etc., 
Pulp, Dacron, nylon, Vinylon, an acrylic, aramid, modacryl, Various reinforcement fiber, such as an 
alumina and silicon nitride, an epoxy resin, an unsaturated polyester resin, Thermosetting resin, such as 
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phenol resin, benzoxazine resin, and vinyl ester resin, Or polyethylene, polypropylene resin, polyamide 
resin, ABS plastics, It is the so-called plastic waste which covered thermoplastics, such as resin, such as 
POCHIBUCHIREN terephthalate resin, polyacetal resin, and a polycarbonate, and these resin by alloy - 
ized ERASHITOMA, such as modified resin and rubber. Since it is covered by resin, adhesion with 
cement and resin material is good, and possible for a member with high reinforcement. 
[0021] Since the debris of this invention is using discarded FRP as the start raw material, and resin and 
fiber are not separated and separation cost is unnecessary, it is low cost, and the cost of cement or a resin 
member which made this debris contain can be reduced to practical use level. Especially, in this 
invention, since there is little injection energy which crushing takes, it is the very small recycling law of 
an environmental load. 

[0022] the next — the inside of Abandonment FRP - a golf shaft, a fishing rod, a roll, a driveshaft, and a 
truss — cylindrical plastic wastes, such as a tube, are easy to become the configuration where debris had 
deflection and are desirable. Moreover, since thermoplastics waste [ FRP ] is high toughness, it is easy 
to make it into a configuration with deflection. 

[0023] Since FRP containing a carbon fiber is excellent in alkali resistance and can maintain 
reinforcement in the long run, one desirable also in FRP is desirable. Although there are a PAN system 
and a pitch system in a carbon fiber, either is desirable, but in order to make it have deflection at the 
time of crushing, the high intensity fiber (an elastic modulus is 200GPa(s) - 800GPa, and reinforcement 
is 2500MPa-10GPa) of a PAN system is desirable. When mixing cement, an elastic-modulus difference 
with cement becomes it small that an elastic modulus is within the limits of 200GPa-400GPa, distortion 
concentration is lost, cold resistance and freeze-thaw resistance especially improve, and it is desirable. 
In order to present the shape of fibril while fiber crushes in containing organic fiber, such as an aramid 
fiber and poly CHIREN fiber, since it interferes each other in debris, it is desirable. 
[0024] As resin, the modified resin of the epoxy resin which is excellent in alkali resistance, polyester 
resin, vinyl ester resin, and these resin is desirable. The epoxy resin is excellent also in the adhesive 
property, and the most desirable. 

[0025] Next, cement, concrete, and resin are mixed and the debris of this invention can be used for them. 

[0026] As a method of fabricating cement material, the well-known fabricating methods, such as the 
fabricating method, the blasting fabricating method, etc. which are slushed into shuttering, can be used. 
When there is the need of saying that it makes homogeneity distributing debris, shaping to slush is 
desirable, and workability is sprayed and is desirable. [ of shaping ] 

[0027] As described above in the case of cement, since equal distribution of the waste FRP debris which 
has deflection is carried out in three dimension in cement, it can make cement material high intensity 
also in the thickness direction. Moreover, although cement material is divided by low distortion, it is 
making the debris of this invention mix, and it becomes possible to present the mode in which a load 
burden is carried out without dividing also after a crack arises in cement. 

[0028] All well-known cement can be used as concrete cement. For example, it is special cement, such 
as various Portland cement, such as ordinary portland cement, an early strength cement, moderate heat 
Portland cement, and sulfuric-acid-proof Portland cement, white cement, alumina cement, slag cement, 
pozzolanic cement, fly ash cement, Roman cement, natural cement, Portland blast furnace cement, 
particle cement, and foaming cement. Moreover, it is also possible to mix and use two or more sorts of 
cement. 

[0029] Furthermore, it is possible to also make the grinding object / powder-like object which becomes 
cement from the abandonment FRP generated at the time of debris manufacture of this invention in 
addition to the FRP debris of this invention, and the lightweight aggregate generally mixed in cement 
material add. Specifically, organic high polymers, such as polypropylene, polyethylene, styrene, 
ethylene, urethane, a phenol, polyester, an acrylic, and a butadiene rubber latex, etc. can be used as 
inorganic fine-particles ingredients, such as hollow objects, such as silica sand, sand, ballast, fly ash, 
milt balun, a pearlite, glass balun, Si02 and aluminum 203, FeO and CaO, Na20, and MgO, and fizz 
resin fine particles. 
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[0030] Especially, its water absorption is small, and since glass balun can make water / cement ratio 
small and its reinforcement improves, it is desirable. 200 - 5000 % of the weight of pairs of the mixed 
ratio of a lightweight aggregate is desirable to 40 to 1 50 weight %, and FRP to cement. Under in the 
lower limit of this range, if the dispersibility of FRP may be checked and the upper limit of this range is 
exceeded, specific gravity becomes large too much and destruction may arise with a self-weight. 
[0031] Although a water reducing agent is also usable, it is desirable to **** to 200 or less % of the 
weight to FRP 10 or less % of the weight to cement. At less than 1 % of the weight, water reducing 
hardening is small to cement, and workability is not enough. Since the fire protecting performance of a 
cement hardening object will tend to fall and ingredient cost will go up if 10 % of the weight is 
exceeded to cement, it is not desirable. As a concrete water reducing agent, there are an AE water- 
reducing agent and a high-range water reducing agent. 

[0032] Necessarily uniformly, when cement material is large-sized, the gestalt of mixing to cement 
material does not interfere, even if it arranges lightweight fillers, such as calcium carbide [ that it is still 
more nearly lightweight than waste / FRP / and low cost ], in the center of thickness of cement material 
and arranges the debris of this invention on the surface of cement material. In order to arrange 
alternatively the debris which has deflection, it is also effective to carry out division shaping of the 
cement material. That is, it is making it cover and unify into the cement containing the debris which has 
deflection for surface some or surface all of cement material that was stiffened at the usual process etc. 
[0033] The perimeter of the FRP debris of this invention does not interfere, even if cement has adhered 
in binder so that debris may be connected, even if everywhere covered into cement. If everywhere 
covered into cement, reinforcement will improve remarkably, but since specific gravity also becomes 
large, it is relation with weight and it is desirable to adjust the coating weight of cement moderately. The 
method of driving out air bubbles and gas with vibration, heat, etc. after mixing to a wrap case 
everywhere into cement is effective, and it is effective to make air and gas mix or to make foam mix as 
an approach of reducing coating weight. 

[0034] Furthermore, since debris carries out gestalt maintenance in three dimension with a 
comparatively big dimension when the debris of this invention is as large as several cm, even if it does 
not use shaping auxiliary materials, such as a cement pattern frame used at the time of cement shaping, 
cement and cement admixture can hold to the space between debris, and the member of the 
configuration near a desired gestalt can be fabricated. By shaping auxiliary materials, such as shuttering, 
becoming unnecessary, a cement member can be extremely fabricated by low cost. As an amount of 
mixing of the debris of desirable this invention, it is 3% - 70%. It becomes weight, reinforcement, and 
the cement material that was able to balance cost in the range of this claim. It is 3% - 40% more 
preferably. 

[0035] In addition, cement material When it inclines toward a surface and it is made to distribute debris, 
it becomes high intensity near the surface and a member receives bending, it is desirable, but the FRP 
grinding object of this invention is alternatively arranged on the surface of cement material, and if 
adhesion of cement is lessened and it is made the shape of porous one, sound absorption characteristics 
and water retention can also be given. Since the porous section is easy to be supplemented with a seed or 
soil, effectiveness, such as becoming the habitation location of vegetation or a microorganism, is also 
produced. In this case, as for the amount of mixing of the debris near the front face, it is desirable that it 
is 10% - 30%. Of course, even if form material, a metal plate, etc. are laid under the cement material, it 
does not interfere with it, and, and it is a solid or the configuration of a cement member is a 
configuration of arbitration. [ that it is hollow ] 

[0036] In addition, since alkali resistance may be required of a grinding object in the case of the cement 
member used in an environment with much humidity, as for the reinforcement fiber of a grinding object, 
it is desirable that more Vinylon fiber with alkali resistance, aramid fibers, modacryl fiber, and carbon 
fiber are contained. 

[0037] Since the cement material of this invention is excellent in a light weight, high intensity, low cost, 
and corrosion resistance, it is suitable for the offshore structure, such as horticulture supplies, such as a 
flowerpot, a flower bed fence, and yard side plates, a tetrapod, a revetment wall, and a spindle, as 
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structural members, such as the Building Department material, such as house roofs, such as a wallplate, 
a roof agent, flooring, a cement roof tile, and ****, and an outer wall. More specifically, they are 
various structural materials, such as a residence, a hotel, a school, a hospital, an office, a theater, a 
gymnasium, and an office building. In addition, as an application, a water penetration panel, a basic 
panel, a noise suppression panel, a heat insulation panel, a tetrapod, a telegraph pole, a gutter, a Hume 
pipe, a roofing tile, and the structure for tree planting are also mentioned. 

[0038] Next, the debris of this invention can be used, making it able to mix also in resin or rubber. As 
typical resin, the modified resin which alloy-ized thermoplastics, such as resin, such as thermosetting 
resin, such as an epoxy resin, an unsaturated polyester resin, phenol resin, benzoxazine resin, and vinyl 
ester resin, or polyethylene, polypropylene resin, polyamide resin, ABS plastics, POCHIBUCHIREN 
terephthalate resin, polyacetal resin, and a polycarbonate, and these resin is mentioned. 
[0039] the case where it is made to mix in the above-mentioned cement — the same — resin — also 
setting — the debris of eye a from book — being local (alternative) — even if it makes it arrange, and it 
makes it arrange to homogeneity, it does not interfere. Moreover, even if it really fabricates, and it 
carries out division shaping, it does not interfere. Moreover, even if it covers multiple times and repeats 
hardening, it does not interfere. Moreover, even if it uses together the filler/add-in material other than 
the debris of this invention, it does not interfere. Since specific gravity is lower than cement in the case 
of resin, 3% - 60% of the addition of the debris of this invention is suitable. 

[0040] The materials for which lightweight nature, such as the Building Department material, such as 
house roofs, such as engineering-works materials, such as a panel used in sporting goods, such as a top 
plate of a ping-pong table, a panel of a basketball, and a score, a participant's notice panel, and a 
construction site and a notice plate, a cement roof tile, and ****, and an outer wall, and other industrial 
materials, endurance, and low cost are needed as an application of a resin member can be considered. In 
a building use, phenol resin is excellent in thermal resistance, and its generating gas at the time of 
combustion is also desirable few. 

[0041] In addition, since destruction is localized and a crack does not progress to the whole member like 
the case where it mixes in cement also when it mixes in resin, the property which is not in the former 
that a nail can be struck arises. If the debris containing rubber material, such as a tire and a belt, is 
mixed, nailing ****** will improve further. 

[0042] Although impurities other than FRP may mix a coating, a label, a metal, etc. in Abandonment 
FRP, since it finally becomes high cost to remove these contaminants, it does not interfere, even if 
contained within the limits of extent which does not injure the property of the last cement material. 10% 
or less of the rate of these impurities is desirable, and is more desirable. [ 5% or less of] 
[0043] 

[Example] An example describes the description of the cement material of this invention. 
(Example 1) the product made from carbon fiber reinforced composite materia (a carbon fiber ~ two 
kind: - an elastic modulus - 300 GPa) collected from the commercial scene The thing of on-the- 
strength 5600MPa, elastic-modulus 400GPa, on-the-strength 3000MPa, For an epoxy resin and fiber 
content, whenever [ 70% and hardening ] is [ resin ] 95% of golf shaft cylinder (die length of 50cm - 
80cm). After carrying out crushing (injection energy is 660 kJ) of the diameter of 5mm - 12mm for 1 
minute by the 1 shaft impact crusher, it applied to the 6mm screen and 1kg of debris with which a 
constant direction radius has 6mm or more and deflection with a radius of curvature of 8cm or less was 
obtained. It was 0.6 when the filling factor was measured by filling up a 11. plastic container with this 
debris, and pouring out water. 

[0044] Ordinary portland cement, a water reducing agent, standard sand, and water were mixed with this 
debris (100 % of the weight of debris, 60 % of the weight of water, water reducing material 3 % of the 
weight, 100 % of the weight of standard sand), it was recuperated, and the cement plate (20mm in 
30cmx30cm, thickness) was obtained. [ rate ] [ as opposed to / Mixing ratio / cement ] This cement plate 
has the hole in a front face and the interior, and it was checked as a result of cross-section observation 
that debris is carrying out homogeneity distribution in three dimension. Having water permeability, 
specific gravity was 1.3. 
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[0045] The test piece for bend test (95x60x20mm) was cut down from this cement plate, it was 170% of 
the blank cement hardening object with which maximum load does not add debris as a result of carrying 
out a three-point bending test, and the load burden was carried out, without a test piece separating after 
maximum too heavy like blank cement. 

[0046] Moreover, when the test piece for bend test cut down from the above-mentioned cement plate 
was left for three months all over the sea, the green object had adhered to the hole section. Furthermore, 
change was not looked at by the maximum too heavy one and destructive mode when the bending test of 
the piece of an exam was carried out. 

(Example 2) In the example 1, except having set weight % of debris to 60, it was made the same as an 
example 1, and the cement plate (20mm in 30cmx30cm, thickness) was obtained. This cement plate also 
has the hole in a front face and the interior, and it was checked as a result of cross-section observation 
that debris is carrying out homogeneity distribution in three dimension. Having water permeability, 
specific gravity was 1 .4. 

[0047] The test piece for bend test (95x60x20mm) was cut down from this cement plate, it was 130% of 
the blank cement hardening object with which maximum load does not add debris as a result of carrying 
out a three-point bending test, and the load burden was carried out, without a test piece separating after 
maximum too heavy like blank cement. 

[0048] Moreover, when the test piece for bend test cut down from the above-mentioned cement plate 
was made to absorb water and the thermal cycling test (convection-current time amount 10 minutes, 
3000 cycles) was carried out at -30 degrees C - 80 degrees C, neither a crack nor exfoliation was 
accepted. Change was not looked at by the maximum too heavy one and destructive mode when the 
bending test of the piece of an exam was furthermore carried out. 

(Example 3) the product made from carbon fiber reinforced composite materia (a carbon fiber - two 
kind: - an elastic modulus - 500 GPa) collected from the commercial scene The thing of on-the- 
strength 3000MPa, elastic-modulus 450GPa, on-the-strength 3000MPa, For an epoxy resin and fiber 
content, whenever [ 74% and hardening ] is [ resin ] 95% of fishing rod cylinder (die length of 80cm - 
120cm). After crushing the diameter of 6mm - 15mm by the 1 shaft impact crusher (consumption energy 
600kJ/kg), it applied to the 10mm screen and 500g of debris with which a constant direction radius has 
10mm or more and deflection with a radius of curvature of 60mm or less was obtained. It was 0.4 when 
the filling factor was measured by filling up a 11. plastic container with this debris, and pouring out 
water. 

[0049] this debris and polyester resin (base resin 100 section, curing agent 1 section) - a mixing ratio - 
it mixed at the rate 100:100 and the resin panel with a thickness of 9mm which has polyurethane foam 
(one 30 times the firing scale factor of this) with a thickness of 5mm in the center was obtained. It was 
checked as a result of cross-section observation that debris is carrying out homogeneity distribution in 
three dimension with the gestalt which sandwiches polyurethane foam in the symmetry. The specific 
gravity of the part except polyurethane was 1.4. 

[0050] When this resin panel was cut down for the square and having been considered as the top plate of 
a ping-pong table, it turned out that it has a hit ball sound lighter than a wooden (25mm in thickness) 
thing. 

[0051] Moreover, it has checked carrying out a load burden succeedingly, without separating a test piece 
after maximum too heavy, when the bending test of the test piece cut down from the above-mentioned 
resin plate was carried out. 

(Example 1 of a comparison) the product made from carbon fiber reinforced composite materia (a 
carbon fiber - two kind: - an elastic modulus - 300 GPa) collected from the same commercial scene as 
an example 1 The thing of on-the-strength 5600MPa, elastic-modulus 400GPa, on-the-strength 
3000MPa, 70%, resin carried out 95% of golf shaft cylinder (die length of 50cm - 80cm, 5mm - 12mm) 
with the epoxy resin, fiber content pulverized it by the grinder (grain-size #80) whenever [ hardening ], 
(the particle size of a grinding article is about 20 micrometers), and 1kg CFRP powder was obtained. 
Injection energy was 8000 kJ. Then, the filling factor was 0.9 when the filling factor was measured by 
filling up a 11. plastic container with this debris, and agitating and pouring out water. 
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[0052] Ordinary portland cement, a water reducing agent, standard sand, and water were mixed with this 
debris (100 % of the weight of debris, 60 % of the weight of water, water reducing material 3 % of the 
weight, 100 % of the weight of standard sand), it was recuperated, and the cement plate (20mm in 
30cmx30cm, thickness) was obtained. [ rate ] [ as opposed to / Mixing ratio / cement ] 
[0053] It was checked that this cement plate is homogeneous as a result of cross-section observation. 
There was almost no water permeability and specific gravity was 1.7. 

[0054] The test piece for bend test (95x60x20mm) was cut down from this cement plate, as a result of 
carrying out a three-point bending test, maximum load is 90% of a blank cement hardening object which 
does not add debris, and the test piece was separated after maximum too heavy. 
[0055] 

[Effect of the Invention] According to this invention, the disposal FRP debris which was suitable by 
adding and recycling in cement or resin material rather than the conventional grinding article can be 
obtained. Moreover, since the energy which crushing takes is small, very low cost recycle is attained and 
it can be said that social contribution is very high. 



[Translation done.] 
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s#8 o ) x-mvf (mshonmzm o ^b) 

1 k g«CFRPfi*S1lfc. JftAx*/Mf-li8 0 0 
0^axa-;K'*oft. »m55S: 1 U •/ h 

[0052] m-tf/H^yK-fe^K 

30 (CttU KiMftl 00««%, 7K60fi*%, ii*«3 
^2P©1 0 0MS%) «4LT-b^yh« (3 
0cmX30cm. lf$20mm) 

[0053] y h«(i»rffiR^^m. *MTCft 
1. !X'h->tz, 

[ 0 0 5 4 ] y MEj^fettW tfiffUi ( 9 5 x 6 0 
X2 0mm) ^WOtilL. 3^fttflS®L7t^m, SA 

o%x-h r ). mmmk. mmmmmuz. 
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Uc^»FRP5S^)^#I.Ct* { T'^l». 
lcS-r^x^;^-*>*/h$v^^. fiirt-Cffin^ h^c'J 

[01] = Bfl*^)*»W)li*F R P®mUt'$> 
50 [02] 3 >f )Vft<7>*%ffl(?Mm F R Pffi^Jt'J) 
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